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CK^PTili I 



iriTKOD'JCriON 

T1I£ PP.OBLSfli AMD ITo .‘iCOPiJ 

Dui*ln 3 the firsri: half of the t*‘entleth century, 
ocicnce and industry have literally produced siraclec- 
Tod*iy one man can do the woric of hundroda of the eei'fc of 
the Kladle A£oa, Today it la poseible for one per^-on, 
ctrttterlcally located, to create infinitely »ore deetructior 
nith the wave of a finger than the ar.’^ieo of a whole conti- 
nent could have done in a lifetime a few generations past. 

ulth eciontlflc and industrial advance there had lor«c. 
been the problem of aiialycin*; a..d recording the ui*knoWt» — the 
urUcno-n being that unseen or undetected by the human eye. 

The Bicroscopo wac developed to aid in the examination of 
the ^^Bteriev and motions of the minute. Similarly, today, 
the eye Itself cannot detect oi* recoz^l the details of ex- 
tremely fast motion, but aided by high-speed motior* picture 
photociraphy It can acconcplish this aimlyelsi*. Changes that 
take place in certain steps of processinis, changes in the 
character of matorlals, which may occur alsiost lnctonta!«e- 
ously, ch*>nget in the medium through which a** object or 
particle passes, disintegration of «a;:sca can noi» be t>tu4iod 
vleuaily throu<£d> time magnification. Hi;h-speed notlori 
picture photography can be defined simply ^o n n®an:.‘ of 
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magnifying time. 

I . THE PROBLEJf 

Stateoent of the problem . The purpose of thlt thesis 
lo to analyze and discuss the techniques and procedui*es as- 
sociated with high-speed motion picture photography, placi;i£ 
special emphasis on its inherent proble '.c and llaitationu in 
order to aid the average motion picture photographer In ob- 
taining a wornable Jcno»*ledge of high-speed methods R:vd to 
obviate the necessity of tlme-consunjing experl«’eittation In 
the event he Is requested to perform high-speed worH:, 

Importance of the problem . High-speed motion picture 
photography is a relatively new field — its greatott advances 
having been taade in the last two decades. V'orld «ar II gave 
tremendous irnpetuB to its applications, and iti> us.es today 
in scientific and industrial research arc increasing daily. 
In Eotne military establishments such as the Aberdeen Provin®, 
Orounda at*d the U. S. Haval Guided Kissileo Center, Point 
flagu, it is coJR?*onplace . Despite this the •iritei* feels that 
the average cjotlon picture photographer, civilian and mili- 
tary (e.g., the cine?ia major at the University of idouthern 
California, or the photographer in the majority of the mili- 
tary labora-vorlet of the U. C. Kavy) hss at bett a limited 
V:nowledse of the theory and practice of high-speed 
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It 1? believed triAt e of ti^e tecufiiqae. a x* 

liuiltotloni of tMi phate of photoivraolij/ T*iil be of v»lu>w vo 
the afore*n*ntloned average taotlon p let are rhotot.r»*i>K«r !.♦ 
ruocoa&fully purculnc his ch04*en career, bec^uco <»lthout « 
doubt he '•111 sOi*ati«»* be called upon to oarticipete in 
U!4li-»peed -jotior. aridlysis . 

II. AfiVI«4 Q!T ft(SyiOU:' ..TWii!b 

One other tnoals^ nue beer, written on this »uejcct 
at tho University of Southern California, i-r. TuCkor*® 
thesis li a coniprehenoive turvey of the vcnole field oi hljr*- 
•peed photography and contains description® of ik>» L ol it** 
dt'coclated cqwi??rtcnt, incluUlr.g still equipment, fiic:' 
pre.ent tnevle will, of necessity, cover to*»ie of the 
piut£e^ of the field ouch &£ history &r.d certain techn Kiudi . 
However. ..lice high-speed photetrraohy It elaoct unlinlieu 
Lr scope It i‘ this writer's Intent to delve nore Goepli 
Into the detulls of its problem's and ellrElnato theoretice.1 
ar-d e>Pcri-*-»cntel high-opceu photo"r*phy, e»cert at it *ay 
be related to future devclop>«nta. Ir his thuf-e, wr. 



^ ' aipn f'.eal Tuaor, '^n Invest Igatiorj oi the ?»uh- 
nlquet and Application of hifc,L-I.pee^ Photoirdprij , " (ui*- 
oublithed Jtaster’s theslfc/ Jnlvercicy of Couthern 
California, Lot Angeles. *13 pi>. 
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i-udor state?, ?b« tccanl^jue or hl,t.h-speed photoj,r^ii^;/ 

choulU be •iepllfied to the point where it it tho tool of 

o 

the average wor»ciryf photographer. This writer ^lll 
4tte«»j)t to j»ive u ctralahtl’ori,ai\i, isiaple cxplahatiori o£ ttio 
problems, rlantinji, the dlscassioni to the needs of the 
average ’•orklng photographer, notably in tj.e mlllt^i’^, a« 4 
Ci^hfislzic^ tne practices, procedures, and equip®e!it 
expects to find of value in his own career a*, a travel 
officer associated with photographic work. 

?he Journal 8 of tho Society of notion Pleture 
Crglneerff hive froT. ti-te to tlsso beer devoted to discui siont 
of hich-»peed photography. However, the problc«»b sro 
wentioi'cd only Ir: passing and to thl* writer's knosleuge r.o 
previous &tto**pt has been 'Sftcis to discuss f'-c noJ^l diffi- 
culties of hlfih-tpeed photo^rapHy in a cosprohensivs iAnner. 

III. DiyiririoHb o* 

Arttle of Incidence . I ho ansle formed by the 11 m o1‘ 
a ray of light falllns on a surface and a perpendicular 
arlslnfl fros the point of incidence. 

Fra as . i^ch individual picture In a eerie', of 
pictures on fcotlon picture nisi. 



Ibid . , p. :)«». 
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yraiBo /requency . 



IhG rate at i»hlch picture^ ara 



esposed. 



Ulrh-epeed riot Ion picture photography . Ine tAclAg or 
i.iotion pictures at rates of ?75 t,o TO, 000 fraa«es per »evO.*Q. 

Picture frequency . Since :ome pictures in hl^n-epeea 
•notio.i picture photography arc not of standaro tixe. the 
terminology picture- Is ucecl in lieu of fra^e ..hen c.lr- 
cusBin^ such non-standard pictures. 

♦reciprocit y failure » Under e?.tre^»e cor.ditione. t'.e 
I'ociproclty la»» breaks clo»m exhibiting Htiat is <no.»n Uf 
reciprocity failure. This is an liportant contiueratio. in 
high-»peoJ photography where extroaely high Intensity light 
coupled ^ith extremely short exposure tlnie detcrsiiuew the 
fll^ emulsion’s reaction. 

I eclprocity law . The product of the photoche*r.lcal 
reaction It proportional to tho total energy Involved, that 
is, ti;e product of intensity and tif^e which are Intor- 
chanseable . 

0 low m otion p icture photography . The ta<iti^ of 
L*;otion picturet on rorisal iijtormittent operation type 
cameras at epeedc hirher than rortial, ut»uall./ 6'», or l^^Li 
fra.-?ec per tecond. 



o 



U ltra hi^h-RpeoU 1.0 1 lor, picture photography . Ihe 

taklTj^ of fotlon pictureo at rates in excesr. of 

■a 

fra'se^ per second,-' 

V ery hlKh-goeeJ lotion picture photO(:*rapt.y . ihe 
tarini^ of ’notion pictures at i*ates of 20,000 to 500,0‘>0 
frct.’ues par recond. 

In further discussion in this thoelL, the ter.., high- 
speed photocraphy is consti’ued to noan hig;h-speed caotiou 
plctxire photOi$raphy . 

r/. NviMOD OP PJvOCEDURZ Al.T; UOURCSS 0l< OA?A 

For the purpose of this thesis, the writer is ae- 
sufRln^j that the average r.otion picture photographoz’ has only 
a limited knowledge of high-speed techniques. This view haw 
oeen supported by interviews vjith responsible peroofift in 
chai’ge of military photography on the w'est Coast, io 
further support this contention, a survey '.«as co..ducteJ in 
all the Fleet Air Photographic Laboratories in the Pacific, 
vith the cooperation of the Co.**iander, Utility Pacific 

Plect, under whoso cognlcance these laDori-toi^iet 



iCeTii.’Cth shaftan, A burvey of 'Iltiii-bpeeU fotlon 
Picture Photography, Jourfw.1 of the bociety of r.otio.n 
Picture and felevition iLn^:ineers , 3^;ul3. 
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operate.^ One hundred nrxi ilxty-five photo*; rap. »ers were 
a»tced if they undoretood the principle of u«in» a rote.tii^« 
pris*a optical fjy-ten to record pictures on convinuouLly 
sovinfe film, i-nd If they had ever operated a hifeh-fcpeed 
ca■.^era. Ten understood the principle Involved and eleven 
had operated tuch a ca'?era. 

Based on previous cxperlerco in 'alliteiry photo^raptiy 
and on the conversations •'ith civilian photOi^raphert, the 
writer assuft.ed that the aforeaientionod avei*a«je Kor>clng 
photo£,rapher has an understandable lcnov>led/* 3 e of co^’TSot^ 
ohotographlc terms such as einulaion speed, optical path, 
mill irae ter ».easurecaents of width, aperture, focal plane, etc. 

The bulk of the discussion conoists of a cox*relaviOii 
and interpretation of the currently available literature on 
tne subject as available at the Library of wot ion Picture 
Arts and Sciences, the Los Angelos Public Libraries, and the 
Library of the Univcr»ity of t’outhern California. 

The biographical research ic augmented bj* persoivul 
correspondence with manufacturers and derri*ners aod by 
personal intervlewe with engineers and photographers v.ho 
utlllxe hlih-cpeod photography. ?!r. *illiow thrlstie, 

A Quer tionnairo war. sent out an a p<rt of utility 
iilng Bulletin, Volume 20, dated .hay 21, 1951 > in which tiic 
quettions discussed were asked. The rocuite were compilea 
July 13, 1951 , and given to the writer in aeaiorarKiutt. fora. 



phyolcist, ar.d Kr. Louie ^t^eder, photoiraphor at tfie Xiiv-1 
Ordinance Tost station, Pasadena, California, ard i.r. 

Crandall, of the California Institute of Technology -*avts 
cooperated to the e;:t8nt •.•hich *ecarity rejulatlon^ will 
permit. The •riter visited the Naval Guided Al^sile* CeuUtr, 
Point H&^u, California, for the pui'pos© of obtaining vuluaLle 
baclccround information on non-:lassif led technique;.. 

V. Oi'.GAKIiukrioy 01* Iil4 Ox* x?U: HU-cIk 

Chapter II will contain a brief hictory of hich-spceu 
photography. Chapter III vill be devoted to a discus cIoj; of 
modern hlfth-speed camera principles and declin, oa^haoizini; 
a Btaudaj«i cEv«a»ra noa available and in v»ide use. hodlfi- 
cattons for special purporcf: and experiu.ental detij;n vlli 
rot be cot-sldered. Chapter IV will be concerned with the 
inherent proble»».5 and limitations of high-speed photo^jraphy , 
mvnely, (1) Fre-analyeis of the tawk, (2) IlluMinatlon, 

(3) Exposure, (4) Synchronization and flralng, (5) Arrar.ge..i€i t 
of the subject to bo photographed, (6) Film waste in accele- 
rAtiot., (7) Lacic of an ultra high-speed film e.nul..ion, 

(8) Projection and analysis proble«5, and (9) i.ltcellaneou. 
considerations such as blur, focusii:£, etc. Chapter V v 111 
be a discussion of new techniquet and trerdo. touc*hln^ on a 
few of the latest and *»©at In-portant of ohc literally 



IPUfr^ 



J 



thou»and£ of mothodt pro<.ulc^le(3 blnce the inception of 
hlfih-cpeeJ photosr<*phy , Chapter VI will co:t3lfct of a 
6 'alary anA conclusions. 
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TIIE Hli.TOAY Otf HIOH-SPiiiD PilOTOOftAPiiY 

Conceivably the history of fcotion plcturea car. «*e 
traced to the cave man era when man first drew crude multi- 
1 imbed ar.iir^la on the walls of hi.’ d^.elllnts to dcoict the 
•movements of the anitaalr uo neceuafrzv to hi& ejcistence. 

Hlgh-&peeU motion picture photography la however 
prir^arily not an art of depiction but a science of Rotlou 
analyiio. The first forious attempt to analyte v>tioi. 
occurred in the 1870 *c as the result of a wager betweoi 

Leland Stanford and one Ed*eard J^uybridge as to whether a 
galloping horse had one foot on the ground at all tKiec, or 
*»hether there was a certain stage in the gallop in which all 
four feet left the ground : irsultaneouxily . 

rr. Huybrldge set up a serice of still ca'"cras in a 
line and placed wires across the path of the horse: . Xho 
wires tripped the nhutters one after the other which 
recorded the progrection of the anit&al's *j»ovc..-.cnt c.crot» a 
given field. Vie»*lng them by tneane of a Zoetrope, a tlotted 
circular drum with a serious of picturoc mounted on the 
interior periphery, the party who bet that the four feet 
»>ei*e off the ground oiaultaneoutly won the bet. Thi^ 
experiment was the first of many thit ^uybriago conducted 
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on locoaotlon,^ 

At the turn of the century, 1900, a /I'onchouin, J. 

Aaroy, ut-arted the first multiple Image photo^,raphy oy 

placlnf, a flj.oJ -lot at the IcnB of a caaera and then 

rotating a dltc v;lth a nu."ib«r of aloto in fi'orit of the lent. 

A black backsr*ound i»as used and by opening the shutter Juet. 

before the action started, and tllu«iiiatin£j or^ly the uuuject 

a multiple IBuge picture of the subject’s sotion wj&t pro- 

2 

duced. This <»etlod Is still In cofwon use today. 

At approAl.'ftately the same tiae, fhoraas h. i^dison 
developed his Kinctotcope, wnlch thowed photographs Ir. 
asotlon for the Chicago «orld’s Fair of lS93. His peep sito* 
cost a nlctcel and involved forty feet of film which iostei 
for all of thirty seconds. Another Frenchi^an, Lu.;iere, 
seised upon Edison's idea and developed a car*iera and 
pi'ojector (called a cinematosraph) for caass audience vie^ia^ 
••hich utilised a strip of fllffi seventeen meters long. After 
19CO, the motion picture grev. very rapidly all over tue 
v<orld. This early fiotlon picture history is shrouded in a 

^ Francis X. A.*ercui«, "A Study of Go»e I'ortHiAl and Hb“ 
non^l ?<ovements Photographed by Muybridge,' AhIaeU L oco - 
n otion , the ‘>8thod and th e :»e i u l t ( ? h i lade IphTa » 7. *i. 

Tlppincott company , ' rJGcTJT PP* Tu3~133. 

p 

John H. •addell, '’High Speed Photography,' (ur*- 
publifhod paper, Copyright, 1949, by bell relcphono habor^-- 
tories, Inc.}, p. 1. 
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here that is & ootobinetion of fact and fanej/, w-itn tl>e 
latter predominating in «oot popular worlcs.^ 

Ihe developisont of still photoi^raphy led to al«otf'- 
phenomcnailly short expoiurcs and following this lead, 
isianufacturers set about developing hlgh~spoed motion picture 
ca.t«^a^, and tno modern canoraa were born. High-speed 
photography reached Its apex of acconpllchaient in 1946 »ith 
the photography of the atom bo-ib testo. More of Its devolop- 
aont fill be die cussed In later chapters as the hlatory 
relates to ipecific problev.o encountered in the construct lo^ 
of the caaeras. 



3 ft ill lam rl. Offenhauoer, l6-*rt 6our>d Motio >> P ictc.reg 
(Mew York: Intersclenco Publichox*?-, IncTV T^9) > t>* 
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.,OD-,rA PMKCIPIA5 AtO» Jt^IUh 

Shortly after the Invention of the motion picture 
ca’aera and the projector, the natural epeed of subjects on 
the screen was altered by chang:inc the caiaera speed, the 
projector speed, or both, nction was accelerate^ to et-hieve 
slapstick effects in co:»edlec, while for motion aiia lytis, 
such as in sports events, it was sloved do>,n. 

Gradually the value of the slow motion picture for 
analytical purposes became more evident, and atteiapta were 
■«de to increase the taking rate until speeds In excess of 
two hundred frames per second wore attained. Ihlo resulted 
in the Blowing up of action by moro than ten ti??os vhon the 
was projected at sixteen fra^nec a second. Althou^^h 
this was adequate for analyslfc of Most physical action, Ic 
becaae increasingly apparent that much higner taking speeds 
were necessarj' for analyzing fast nechanicel raovezionta. The 
conventional intermittent motion picture ca..era i* lijsite- 
ttechai:lcally to speeds not in excess of t-»o hundred and 
fifty frames per second.^ Above this speed they mutilate 
the flliift beyond recognition or In iome cases the camera 
Itaelf saay literally fall apart. The conventlorual 



Kaynard L. oandell, <*hat lo fligh opeed Fnotoerc. 
Journal of the Cociecy of Motion Picture l:.eer :x , 
; 5 » JSarc'h’,’* l^i:? . . - — 
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lntei^.lttent "iectmnie'n ha'J to be eupplanted, result Imr ir- 
the hlyh-speed aotion picture caaaera ns we kno** it today. 

>*otion picture cameras capable of speeds greater 
two hundred and fifty fra~«£ a second generally eaploy 
i*otating prisw or uirror (to be described later), a serlOL 
of rotating lences, or a stroboscopic li^ht source instead ox 
the usual shutter and intermittent nechanlsas. In the lattor 
case, the car.era is equipped with a cosautator to synchro- 
nise the flashiiTg light with the film wove-’nent and the 
camera is operated in a dark or semi -darkened rooa. -»uch 
ca ^rav cannot be used fox* photographing telf-lu.?.is.oue 
subjects. Cameras ejr.ployirg the rotating pris«^ principle 
usually bracket the range from two hundred and fifty to ten 
thousand fraaies a second. Speeds in excess of ten thousaiui 
rrau.-es a second fall in the classification of ultra hign- 

epeod photogr*aphy and are usually attained in what are *cnotn 

2 

as strip cameras. 

The rotating prism motion picture cameras ax'o the 
most cojflsonly used high-speed caneras today beeauco of their 
portability 

Also, the rotating prism camera is adequate for Tjost 

^ Ibid ., p. 6. 

^ ’’High-speed Wot lor. Picture Photogiaphy , Journwl of 
the Society of ?^otion Pictiu’s Engineers, Kovember, 

^ m 
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anAlytical purpose r . Maynaiti L. Sandell, of the Zastmar. ftodsik 



Company, reports that rarely have they found an instance In 
industry where the three thousand frame top speed of their 

4 

canera vfos not adequate. 

For these reasons, we will confine the diccucsion in 
this chapter to the principle of the rotating prism and a 
description of a typical camera of this type. 

ii Imply stated, in the rotating prls;» type camera the 
l«age from the lens is projected through a rotatliig prls:.. 
which iB so designed that its rotation causes the Uiage to 
move In the same direction as the film Is moving and at the 
came speed. Thus during exposure the image and the fli«j c.re 
actually stationary with respect to each other, and exposure 
Is accomplished with no blur or image dloplaceiicnt . fhe 
principle Is Illustrated Echcmatlcally in z^lgure 1. 

The image gathered by the lens is refracted by the 
prism upward to meet the Incoming frame and as the frasie ad- 
vances downward, the image follows, thereby permitting con- 
tinued exposure throughout the period that the film passes 
the aperture. 

In this type of camera the glass prism must have a 
number of pairs of parallel faces. In the ca-cras 

4 . 

h.aynard L. Sandell, personal letter dated march Ic, 

1951. 
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OPTICAL SYSTEM OF ROTATING PRISM CAMERA 



IT 

cominerclally available today, tho mrobor varies rro* tro to 
eight depending upon the size of the aportur‘c and the ir.ethoa 
of prisn calculation. The thicknoRc of the glass dependt 
upon the Index of refraction, the picture frame hel 4 r.ht, the 
angle of rotation in v;hlch the picture is laid dovn ar.d the 
peripheral speed of the l*.age, which ao previously mentionea, 
must be equal to the linear zpecd of the fllm.^ 

i'or any given sot of condition®;, many proble^.s are 
presented ir. the design of rotating prlcm cat-ierao. 

Super-precision bearings are a necessity on the prisa 
shaft. If tho shaft Ic eccct.tric the pictarci. vill be 
noticeably Jumpy and on projection difficulty will be 0 !j- 
countered in detcru’.ining vhothor tho unsteadiness is caused 
by the subject being photographed or by the camera itself. 
The speed of rotation varies in Inverse proportion to the 
number of parallel prism cider so in gonoral it rxiy be said 
that those cameras enploying the square or octagonal pris* 
produce greater picture clarity and more reliable operation. 

Tho rotating priflm acts ar a shutter as well && ai 
image compencatin^ device t ihc exposure time is dependent 
upon the r.axiaum angle of incidence of the rays of light 



5 John H. *#addeil, 'Design of Kotating Pnlcmt for 
High-lpeed Cci^erit: , Joui^nal of the i!>oeiety of *.otloi 
Picture *in£ineerc, ivove»Der, ' 19^^ . 
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espoaing one fratac. Ab the prian rotatec, the ari4le of 
Incidence and thus the iraacje speed varies on the focal plaro. 
Also the optical path Is lengthened because of the Increased 
thickness of the prism. These obstacle* are overcoi*e b,. 
proper apertui*e design before and behind the pi'itw which ir. 
effect determines the maximum angle of incidence and by 
proper sprocket design which lengthens and decreases the 
optical path by swans of Its curvatui’e, minimum extension 
occurring on the optical axle of the camera throu^;!! the 
center of the prls» and terminating on the most forward 
portion of the cprocket. 

The use of prism glasses of high Index of iw Tract Ion 
and lo'j* dispersion with minimum thickness and Ttinirauiy angle 
of incidence, in conjunction with suitably designed com- 
ponents such as lenses, sprockets, bearings, and ^o forth 
produce results with rotating prlem cameras which will ap- 
proximate the quality obtained with an intoralttent-type 
motion picture camera.^ 

The most widely used high-speed cameras today are the 
Lastrjan Kodak hodel III and the ollensak Optical Company ’e 
?aotax. They are almost universally employed because of 
their portability, simplicity, dependability, and 
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Ibid ., p. 501. 
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adaptability to most applications of high-speed photographic 
analysis . 

Despite some design differences both manufacturers 
offer cameras which fundamentally operate on the same princi- 
ples and find the seme application in Industry. 

Because the Wollensak Fastax is available in 8, 16, 
and 35n»fl, as compared to only iCrata in the Fastuan III «r.odel; 
because it is more widely used;' and because the military 
photographers will in all likelihood encounter it first v.hen 
introduced to high-speed photo^jraphy , we will discuss its 
design and operating principles as an illustration of a 
modern high-speed rotating pi’icm type camera. 

The Fastax camera is manufactured in three riodels, 
each using a different film size, namely, 8mta, l6mni, ar*d 
35:3m. The 8 and l6mm cameras taV:e plctur*er. of standard 
frawo size; the 353H3 records pictures of one-half standard 
frame height or approximately 3/Q inches high b„ 1 inch 
wide — the variation being due to the design of the rotatlnt 
prism— the 16 and 353ni models utilising a four sided pris.^ 
and the 8oim using an octagonal prism. The mlniinua and 



^ Kenneth Shaftan, ”A Survey of High-Speed Motloi. 
Picture Photography,*’ Journal of the Society of ‘‘lot ion 
Picture and lelevision 'iSn^inee r&,^^^y^^ Hay, IJ^To. Of i-73 
camera users asfeed, 1 3^' *uceS'"?aot ax cameras as co«eparcd to 
7^ for LaEtrians. 



oaxlraurj exposure rates vary fron one hundroJ and fll’ts 
pictures per second to fourteen thousand pictures per second 
depending upon the canera models. Operating speeds and 
projection ratios are shown in Table A, following. 



Camera exposure 


TABLii 

Patio of Kotlon 


caocra £pe< 


Rate (pps) 


to Projection 




Llalte 


150 


(at l6 pps) 
0.4:1 


lumm 


(» ini mux 


300 


18.75:1 


8mn 


{*ninl*ium 


500 


31.25:1 


35®* 


(B»ltii5'.a«i 


5,000 


312.5:1 


35®» 


(majklausi 


7,000 


437.5:1 


l6^ 


(«axl«.u> 


1^1,000 


075.0:1 


8omi 


(raanlmu.n 



The construction of the caniera is extremely ?ilvlc. 
(See Figure 2.) The fil« runs from the supply upool, driven 
by the feed spindle, beneath the hold down rollers which 
maintain even film feeding and over the film sprocket, ihe 
for’Aai<i portion of the film sproctcet maintains the film in 
the proper position for cxpoDui'e by running in oynchronls-n 
with the rotating prism by aechantcal linkage. From the 
sprocket the film passes the timing unit v;hlch placet an 
image of a flashing timing, light (co»monly called ’tio.lnj 
pips') on the edge of the film for analysis purposes, the 
frequency of the flash being determined by tnc allei’natlnf 



^ Instruct ion Bulle tin (Rochester, 1*qv Yovkx 

Wollenaak Op'ti’cal Company, 1^§UT7 p. o. 
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NTERIOR FASTAX CAMERA 




ir 




curret.t being utecl. Protn tbo tiissr the fils proceedi. to uhe 
tako-up spool . The Tllai stripper, Biounted at the tav;c-up 
side of the drive sprocket, is a precautionary device to 
prevent fil« jasming around the sprocket in the event of 
breakajjc » fituation which at high speedf could cause 
severe cicchanical danajo to the carnera. 

The main housinjf door, containing a fllra guai’d fnilci-. 
controls the path of the filci, swings over the co-poJ^eJ*t» 
shown In Figure 2 and provides a light-tight caacra. 

i’xternally eiounted on the camera housing are the l^ns 
and protective cap, the drive and the take-up »otoro at.d the 
carry inf handle (Figure 3,) 

To improve acceleration characteristics both tLlm 
drive and take-up are actuated by eeparate electric mox-ors. 
Speed of operation or rate of exposure is regulated by con- 
trolling the voltage level of the pov^er t applied to the 
'•otorr. Both motors are of the universal type and can be 
operated ui^der normal conditions on either direct or alter- 
nating current (60 cycles/second or lover). 

Film specially spooled on alamiruLi spoolo must be 
used in the Fastax Camera. Failure to do this vill upset 
the ayna-».ic balance of the cofp.ponentsj and result in daaQ>.'e 
to the ca..:2ra. 

The filci has special rectangular perforatlorxt rather 
tha*'. the standard Bell and novjell r*e.5i^tive perforttic .5. 
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TAKE-UP MOTOR 



FIGURE 3 



EXTERIOR PASTAX CAMERA 



COMUECTOR FOR 
fIMING LIGHT 



because of the finer tolerance required ut hi«,h speeds . 



^*ltr{l^to files aust never be used becauce fire i.*ty result 
froa the friction duo to the whipping of the fll* at the er^l 
of the run. 

Conplete operating instructions are furnicheJ by tr*e 
•*^QnuTacturer with each camera, and »*o they will l ot be ats- 
cuceed Qo a portion of this chapter. Operating character- 
istics will be explained ?ubsequently to the extont th«t 
they lapoao llsnltatlonb on the appllcatiori of hlgh-opeea 
motion picture photography. 



CllAPiVv IV 



PhOiLJri> All'J L1MITAU0K5 

oi Hia;:-sPEEi> ®koriOK PicruRij pboro(i^APH^ 



Perhaps no phase of motion picture photography re- 
quires Rore careful planning and preparation than does hi^f* 
speed photography. It Is absolutely neceet'^ry to analyse 
LhQ pi*obl«tn, detomine as exactly as possible the reculti? 
required, and eliminate as many unfavorable photographic 
factor* a* poealble before proceeding wlta the actual pho- 
tography . 

It is the purpose of tiils ch<>pter to discuss eo?:e of 
the more common problems to be considered before us in*, ti>e 
high-speed camera, regardless of the type. Given proper 
thought, these factors no longer are problems, but becoj^e 
Incidental considerations that may work to the advantage 
veil as the disadvantage of the canserannn. 

To illustrate the importance of determining exactly 
what 1« to be photographed; what the mort important action 
is; and vhat motion or phase of motion is most desired in 
the final analysis, it is interesting to note the request 
thet preceded the Bikini text of the aton bomb. 

Prom the J*.anhattan District to the Air * 02 'ces c&^ 
this request. Get uo on film, said tho scientists, 
the first onc-tenth of a second after boiib burst. Arxl 
if pocBible, get it to that it car. be broken do*-n for 
toalysic to less than or.o ton-thousandth of a secoi>l. 
for good measure they had gone the ii&nhattar Dlftrici. 
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one better. The delivered film va» so wui 2 \ced tri#t it 
could be nMftsarcd In tez’R. of 5>^0--«illlo*.thto of * 
BGCond.^ 

The first requlre^iont of j.ucce.,oful hlch-opeed pno- 
totiraphy is to icnow exactly ••hat phase of action you nish to 
record on the fll«. 

Illuniir.atlon . Discussion of the proolei** of high- 
speed rootion plctui’S photography are equally applicable to 
any ©alee o? model of camera, except, per^iaps, those usinc 
the 'troboBCoplc lisht for exposui*e. 0pei>»tlra5 at hlfen 
opeeds, the actual exposure ti-.e of any one plctarv will 
vary fro.* l.A5,00D of a second to 1/I,b00 of a secowd 
depehdlng upon the operating speed and the type of ca-*ei*ti. 

F ith these abort intervals of exposure, adequate ilianl- 
•latlor bocomes a serious probles. 

The problem of illumination is be?t dli cussed in two 
phace.* — outdoor llghtiiicj and Indoor. 

i*n extensive study wais ©ode at Bell Telephone Labora- 
tories of how best to ta'ce hi^h-speed picturcfc out oi ioorw. 
It was found that in the Southwest portion of the United 

* 

itatett In the deesrt, the sunlight has its highest «.cti»il.^‘ 

^ G. .'Orrenton, ’’Greatest Photographic Orga ix»tioc 
in History Shot Bikini Bla*t, i merlcar. Citie ratOjt,rapi.gr , 1 
333.» Octooer, 
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That property of radiant energy by which chewlcal 
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value in April. 



Under Idea l conditions , John I'addell state* that it 
is possible to photo;;raph out-of-doors at a picture frequef- 
cy of 5»00'-' plctui*ee per .i^econd, using buper \X flla.-^ 

i*he weather, nhettier cloudy or clear, nod the clarity 
of the air are the controlling factors of lightir*^ oat-oi- 
doors . 

••ell known to OEtr’onomers is the apparent out of 
focus picture which is obtained by a disturbance or by 
foreign particles in the atmoophore. Under controlled con- 
ditions in a building especially designed for suen ’.,ork, 
actrorosiers at hount '’lleon observatory in California -ere 
able to work successfully on about one night In te.'i in re- 
producing photographs of the ooon through a lens systOiTi 27vi 
feet long because of foreign matter in the eUiosphere.'^ 

The well-known heat mirage seen on the surface of hot 
roadways by raotorists causes similar distortion as do the 
exhaust stacks on aircraft in flight if the field of vie* of 



changes are produced in light sensitive materials, cuen at> 
fill* emulsion^ . 

^ John H. Vaddell, High bpeed motion Picture Pho- 
tography, (uT'publlthed neper. Copyright 1J^9 by Dell tele- 
phone Laboratories., Inc.), p. 41. 

^ *llliau Christie, Physicist, {!avLl Ci'dr-ancc lejt 
Station, Pasadena, California. Personal intervie?., April, 

1951. 
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the aeriul caoera croste* the e’'hau't trail. It la 
Important to recognize lihether Siuch JLij tortlon or blur !■ 
cauijeJ by at=o*pherlc conditions or by excocoive tubjcct 
Motion, 

In the desert, the distortion duo to he'at vavee, c-an 
be almoat entirely elininatod by incre’JSln^?; the height of 
the car^ra above the ground to about thirty feet. Plottlt*^* 
the picture resolution against caoiera height ^Ivei ati accu- 
rate 'Method of detcrainlng the proper ctuMvo. height under 
most field conditions.^ 

Full color pictures can be Kiade by using an exyo»,ur3r 
factor of 64 times the exposure alloKed for black and *«hite 
on Super XX filta.^ 

The norr:al fil« t-peed ratio between typo A . od:ichrooc 
and tuper XX is 1:12 but the reciprocity failure is greater 
on the Kodachrome to that an abnox*mal film speed co.trpen- 
satlon must be used. This reciprocity effect »*ill be dis- 
cussO'd vrore fully under the topic .-e xposure . 

In cases when norauil suullgnt does not provide cuf- 
flcient illLKainatlon, the Faval Ordn>ince Test btation, 
Pasadena, California, has discovered that a standi.rd fiavy 
searchlight played upon the subject In effect double? the 

5 hoc. clt . 

^ vadaell, on. clt . , p. 53. 
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cxpoourc froa a distance of approxijrately 15« feet. U»ln^ 
thlE rothod they have obt4.ined excellent results lii pho- 
tographing the effect of ricochet on missiles encountex irj. 

7 

the water at high speed . ' 

Indoors, unlcst the subject is self-luminous, high- 
speed photography must be acco*pll»hed by the uac of eAtr«eiie- 
ly Intense artificial lighting. I he t ub-coTrsmlttee on 
illualnantB for hlgh-j.peed photograohy of the Cocleuy of 
Motion Picture Engineers h»ve established the follovslng re- 
quirenents for an illuminant. 

1 . It should cover ar area to be photographea of ‘if.* 
Inches . 

2. The rainlmum distance fro*? the source to tne are? 
is l8 inches, 

3. The variation in the illumination from the center 
of the area to the corners should not exceed 2 to 1. 

. It should produce a Ptinlmu'a value of lllailnatiori 
at the center of the target of 50,000 foot-caodlei al- 
though 100,000 foot-candles may be required. 

8 

5. A color temperature” of the source of «pproxi- 
aatcly 3500 degrees Kolvin is desirable. 

6. Lamps would be operated at full power for ap- 
proxl-iwitely 10-second periods- . 

Other desirable features Include co^actnets, s*aX- 
flclent strength to provide illumination with only two 

^ Christie, loc . cit . 

® The color quality or degree or white.’iest, of the 
light, measured by the Kelvin scale of te>*perature . 
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lengths, anU the us$ of tuniiston cleaning po*rJer to 
prevent blackenlnc.^ 

■ihe cio«t widely used and ir.o#t •atic.factory f^hoto r*- 
phic la.r.p is the Ircandescent typo, ihelr edvintaic: firs 

\ 

m»crou* — they can be operated fron storage butterle'’ or 
from alaost any lighting circuit *<it«iout re£Ul&tlt>» equit»- 
Bient. i'hey operute with equal efficiency on either klter- 
natlnt; or direct current, the variation of light on alter- 
nating current being lt.-fc tl^an five per cent for la-rps above 
103 -'attB on 60 cycle circuits . The light ooarcc in easily 
concentrated by reflectora, either external or* lJ.tCfc,ral nitn 
the laf'-p itself. They light quickly, reaching their po-,; of 
efficiency in les> than a second and extli'^guieh equally s.9 
ropldly. Finally, their spectral-energy diPtrlbutlon Ifc 
such that satisfactory color rendition it pot^sible when 
using the proper fil^a. A»ong their disadvantage* are their 
quick reaponse to changes in applied voltage and toe heat 
generated ^hllc In use. 

The General Ilectric Company, bearing in mind the 
tpcclfications listed previously, have developed a 6p0Cl<*l 
lamp for close-up-high-t^pccd photography, desl|p*ated by tl*t 
sisnufacturer' t Jodel number /VO-K. It is decigned to 

° 3, S. .•'arnhaa, Larsps for AiEh-epeed Photo#':raphy,*’ 
Journal of the .*lociety of Motion Picture E'.r?gineerL. , 52:3S>> 
/larch, lj‘*9. 
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operate appro.il uately eljhtee^ inches a«ay fror, the fcubjet.t 

and has an Intensity of 75>0'^0 candle po*!cr vlthin five 

de>:rcec» of tho beasi a»is at tnat distance, of these 

laTips px'ovido sufficient llluainctlon on a '4 by 4'' subtlest 

for the exposure of 5»000 black and Hhite picturet per 

second at f5.6. When four are uaed on tne .,ajc subject. 

10 

5,000 pictures per second may be taken at fl?. 

Eloctrlc-dlccharg,e lanipo are Eeldot uced altnoutjh 
their color rendition is excellent and they radiate little 
heat. Ihe output follovs the variotlon of an altei'natiric 
current so that when used in aotion picture vfork it producer 
a scries of alternating under- and over-oxposed pictures, 
depending upon the synchronisation between the lamp tnd 
camera. Also, it io cxti^nely difficult to obtain high 
levels of Illumination, tho tource brightness, of ’^-lercury 
lai^sc ranging from 175 to 6,000 candle? per square inch, ai, 
colored to P'j,000 to 24,000 for Incandercent lamps. 

Finally, they require fro-s one to lour eecondt to come up to 
full brlshtncuo. 

Ordinary fluorescent la»Apr. are not applicable for 
hlgli-spoed photography ainee they are of relatively loi* 
brightness, lo bein*,. l!*?)ORSlble to obtain r.oro ilYv.**. 'luoiw 

Fastax Instruction Bu l letin (Itocae,-tei', I-.ew York? 
’Ollcnsak Optical Company, 1950T.> P. 10. 
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^0 foot-c»4ndle<* on a turface, IrrCRpectivo of the nu.'^bex' of 
lamps errployed or their position. 

yiashtubes anu photoflash lamps have been tuccest-f al- 
ly applied to special circumstances In high-speed photograpr^. 
The routine use of such sources of lllusination is not 
considered practical, however, at the present tlaai becaua»c 
of the tine consu::.’ed in replacing the bulbs. 

Eeposure . Closely coupled with lllujairat ion is the 
problea of exposure. The correct combination of li*i?\t 
(illumination) passing throu^ih a reguletiru. valve or aper- 
ture (f stop) and falling on the correct fll^ for a cwrtt*ln 
critical time will produce the correct exposure. Generally 
speaJelnt,, exposure depends upon the li^hsing, the i.peed of 
the film, the picture frequency or oauera speed, tt-.e sl?e of 
the diaphroi:* opening, and the color of the subject. 

Exposai*e values in staridard photography are at 
present determined by one of the follow ing three mechodt. 

1. By the individual's personal experience I'ith his 
own particular photo;;raphic equipment operating under 
lljj'ht conditiono far»ilii*r to him. 

2. Through reference to exposure calculator cnarta 
commonly furnished bj. the film mAnufacturers, th* use of 
which arc dependent: e.ttlrely upon the user's ability to 
classify typical lighting conditions. 

3. Through the u6e of photoelectric or extinction- 
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typo exposure meters?’^ 

For all praatlcal pux»posc» Ir photographic worlc at 
lower frequencies oxpoeuros can be calculated on the b«fci^ 
that the effect on the film is proportional to the product 
of the exposure tlsse and the light intensity, regardlesi. of 
their respective values. Hovevor, in hi^h-opeed photography 
.•here exposure tirne is extremely short and illumination it 
very high, this assumption will lead to unwarexpot-ure . 

For example, if proper exposure is obtained at a lent. 
opening of f5.6 and a freq’uency of 1000 fre>.*es per second, 
it doec not necessarily follow that the exposure at f4 atvi 
2000 frames will be adequate, even though about the sa-^-e 
amount of light reaches the film in both caeeo. 

This apparent fallui*e of the film to record an iVia^e 
at higher speeds is known as reciprocity effect and aust bo 
considered by every cancranan engaged in high-speed notion 
picture photography. Ko exact data can be given for the 
exposure Increase necessary to cotspensate for reciprocity 
effect because It varies from one emulsion type to another. 
For this reason. It is Important to keep an accurate 
record of exposui’e data to use in determining future 



E. T. Higgins, 'Exposure i'etor for xlijh-bpeed Pho- 
tography , ’’ Journal of the Society of .Motion Picture 
Engineers , November, 19^9 . 



expooures. A recor*d sheet, BuggecleJ by the ..attmar: fcOvlik 
Company is ohov.n. (See Figure t.) 

The fra-aes exposed during acceleration of the ca»»era 
are an excellent ^ide to correct exposure. <^or exa-;ple, II 
the plcturec obtained at maximum speed are under'expesed , 

SOM of the frames exposed during acceleration sill prol*j.t*ly 
be exposed correctly and the exposure correction car» be ••ads 
accordingly . 

These aiethodo fall under the category of persori^l ex- 
perience as BKr.tior.cd previously. 

Realising that under high-lntenslty lifjhting con- 
ditions the huaan eye is incapable of any roasormble accu- 
racy and that each lighting set-up poaes a new probler.., the 
••eston .Electrical Inotrusent Corporation has dex'sloped a 
nietor for determining exposure at high speeds . 

The light meter consists of a light-sensitive cell 
mounted in a small paddle equipped with an extension cable 
to permit nore comfortable i*eadlng of the inatrusiBiit 
fro^ tlie intense Illumination area. The cell connect* at 
electrical instrument pi’ovldlng a basic range of 3»'>dO foot- 
candles which will be found adequate for moot outdoor *»or<, 
except under rare conditions of very bright sunlight. ?v,o 
carefully calibrated slip-on diffur^ion tsultipllors are 
supplied to extent the raiu^e to 30,000 and 60,000 foot- 
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Subject Date 



Photographed by 


at 


CaiMJi^ tet-up 

-plane to subject distance 


Lens 


f stop 


.:,peed settings 




Kax. Speed 




Voltage (#t catoora) 




fype of current 




Llithtins cet-up 
Type VsattB Volta 


Unexp Type of Laap to 

La-?p I.e- Subject 

Life fleeter Distance 


A:«£le fro.a 
Lor.s- 
subject 
axis 




Reflectors , typo and 


position^ 






Lino Voltage used 




lype of current 





Type of light meter 



*c.ethod of ncasurlng^ 

Plla 

rkjveloptcent 

holl identificatio n ' ~ "' "" " 

?UbjGCt 

(^oYo r 

I'peed 'oi* {•ovenoent and direction in relation to cat«ra 



Subject 'o preparation 

Other co«fcentE, sketches, etc. 
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4-uppli«d with each ^ter is an expo?ui'e caiculAtor 
vrhlch gives appropriate cas*era oettlns% for various typev of 
cameras and filcis under specific light conditioriS . Ihe ex- 
posure tables are based upon the actual use of the neter 
with the choieraB under tort conditions. Thus basically, 
even by using the motor, the exposure in deterwtined in the 
broad sense by past experience. Ihe -seter lo designated by 
the manufacturers nodel r.unber 757. 

gynchroninatlon and tlnln^ . L.lnce the rVifeteA ca<N.era*, 
when runnln^? at full speed, exhausts the film in about l.h 
sccondt, and the ilastraan canera only a little looker, it i* 
nccesaury to accurately synchronise the action to b« pho- 
tographed with the ca?»ra. 

It was deterained that it wa.. possible to double the 
speed of the Fastax casera by applying 280 volts directly to 
the camera tnotors. However, when start ini, the ca^rM^ at 
this speed, the film »»ould strip at the sprocket hole.-. 
Therefore, a 70-allil8econd delay circuit v;ao interposed so 
that the caiacra could *twrt at 130 volts, run at ^,00v feet 
per recond for 70 •llllseconds and by Jujpinjj the volta^ie to 
230 volts brir»€ the ca?«ra to the full »peod of 7#pO0 fra''.eo 
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Ibid ., pp. 5^7-543. 
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per s-econd. 



• ith the advent of these high epoad:) It becaoic in- 
creasingly more difficult for the operator to synchror.izo 
cauoTO and action being photoci'c^phed because one hundred 
feet of film travels through the ca?nera in eight-tenths of a 
second . 

The Industrial Tlner Corporation of 

Jersey developed an automatic control unit (cocmor.ly called 

the goose because of the peculiar Jumping ection in .n- 

creacing the voltage) >ihlch by this principle actually 

doubles the picture takirsg speed of the camera, controls t*ie 

filai opeed fro* low to high, automatically controls the 

camera in synchronism nflth an event to be photographed, 

allowo for i*e«ote-control operation of the event and the 

cafTer-i, and prevents tearing of film as the camera 

started. It la simple in operation, extremely accurate, and 

13 

completely portable . 

The pljotography of satillcr and Kore complex subjeett. 
has led to the development of cotaplicated electronic relays 
which conti'ol with extreme accuracy the cynchronixation 
aentioned above. Ordinarily, their »asse.r.bly and operation 



^3 L. L. Keidcnberg, ‘Control Unit for Operation, of 
High-Speed Cameras, ‘ Jp^nal of the society of f.otlor- 
Picture En^^ir.eers , ^2: 10f7~*^ui*ch, 19^y. ~ 
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ts not a task for the ca^ract^n but for tne reeearch 
en 4 ?ineer and scientist. Tor this re.-r.on, it Is saer.tiored 
only ao a oldcllght to the problem of synchronisation, 

The early application of hl^h- speed photography *••*» 
Talnly one of visual study of the filu ivhen the action vac 
sloveci dovn during projection. Fron a very gsnoroui- ojitl- 
raato on the part of the casceraaau as to hov fast ho lay have 
been cranking his camera or how accuro*tely he ^y have read 
the camera tacho.-.etor, the <*iethodo have advanced to the 
point of -tilllpeoond accuracy, loday, hiGh-.>peed photo^'ra- 
phy iG ini-eparable frota tl^lns and analysis, io that every 
high-speed ca*-vsra la al*o&t Invariably equipped with soi.^ 
n^ans of puttirji a time record on the film simultaneously 
with photographing cone specific phenomenon. 

The earliest atte:*pts to eotablloh a time base con- 
sisted of photographing a chronometer simultaneously with 
the subject . The timepiece had to be in the field of view 
of the camera and thus seriously Halted the type of subject 
matter. Later, the clock wae i. corpora ted in the ca'^'.ora 
Itself and Its isnige placed on the film by meanc of an 
auxiliary optical system. 

hoderii hlgh-tpeed cameras incorporate a timing light 
(Figure 2. Chapter III) which Is satlofactory for moat 
analysis. The tisilng device in the FaDta.*; camera comiAtb 
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of a rieon |;low la**.p encloBed in ^ houelrio if.oufltod 

under the drive sprocket in the camera housing . t*hc 1 a 

or»erslzed by alterrAfttin»r current sart:c& I'rozi a;i c.ccarc.tely 
controlled source and lo connected through a receptacle on 
the outeldc of the housing. *lie light eiaitted is focused os 
the edge of the film by a aoiall lens in the top of the 
housing. Ijawp operation results In timing ^arko appear 
alonj o’.'ic cd^e of the developed film out tide of the picture 
area, fhe length of the mark »»ill vary >lth the epeed ol 
the film and the freqacrcy of the light. *iie frequency can 
be maintained at any rate by rr>e^na of appropriate oscil- 
lators; ordinarily, hov*cvsr, ohe lamp is connected to the 
normal CO cycle supply. In either cuee# the time bet*ieen 
expOAure* c*n readily be obtained by dividing the 
interval between the sttrt of each flash by the n»xaber of 
intervening frames. For example, v.’ith the timing light 
connected to a oO cycle line, and thirty-three picturec 
between two tlriing mai*kc,, dividing the niur,b<sx' of picturec by 
the ti»-.e Interval (.00333 or 100 flashes pex’ second) give- 
the cj.-ner£ speed, ^000 pictures pci* second. The tin* 
between exposures ix .OD833 divided by 33# or an interval of 
.00023 secorcla.^'^ 



Fa star. Xn.^tructlon B ulletin , op . clt . , pp. 17-1^*. 



«• 






•• 





















ms 



<^»rntm» M #•■> U 



I 



«» 



•I 



Another slaple tine base is described by Cyles in the 
Jourtvil of g.clentlflc Inatrunents ,^^ The tlaie bees concii»to 
of an electrically nalntatned IGOJi cycle per second tunlr^ 
fork carrying slit apertures in overlapping plates at the 
ends of the prongs. Light from a stnall tungsten filament 
lamp is concentrated onto the slits .iicans of an optical 
system, and an itnaRc of them is focused ot« the film (bet.^esn 
the perforations). As the fork vibrates the Elite are dits- 
placed relatively one to the other, and the light bean Iw 
interrupted to produce a tine base divided into one 
thousandth second lntci*vals in the for-* of a series of 
dashes photographed along the edge of the film. 

The flashing lanp, the oscillator, and the tuning 
fork arc the *ost common tlMa Indicating devices in use in 
high-speed photography today. It is «ell to ree?»phati 2 e the 
importance of the tin» base— without It mathematical 
analysis would be almost an lapoasibllity . 

A rrar:gew>ent of the subject . The human eye and brain 
are incapable of assimilating several simultaneous actions 
on the screen. Therefore, in taking high-speed pictures tne 
primary rule of photographic composition Is to sxxiio the 

1', D. ilylefc, ’’Simple Tifi» iias.© for a Hich dpecd 
Cine Caitera,” Journal of Scientific Instru.nei^.ts, 50:11^-115, 
July, 19^3. ~ 
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picture ae eitj^Dle as potslble bj confining the uu’oject u*. 
study to one of itt - co^nponent actionv rather than to th-c 
fubject e-s a whole. 

?or exanplc. If photographing tns operation of e ^ui-- 
9lghtin<t computer, rather than atter«ptlng to intake c hifih- 
ftpeei picture of the whole unit at once. It is better to 
photograph individually various tprlr^js, catr.s, levers, an-a 
aimilar devices. Greater magnification is obtained when else 
single subject It photographed %nd it lo ea&ler to enaiyi-e 
both visually and aatheratlcally . 

«any tiites the subject will be un>ble to withttand 
the heat emitted by intense lllumiration Indoors, abater 
Jackets are expensive to conotruct and are not readily 
portable. The sln^lost and eatle*t r.-.ethod of co^ubatinh thli* 
problem is to Interpose a piece of heat~abcorbir»t flat* 
between the lights and the subject being careful to pick up 
no reflections and to correct the exposure to coapenoate for 
the slight loco of light. Such ^lass goes by the trade f«n« 
of Aklo and is available from both Corning and Llbbey-Ov<?enc- 
Ford Glass Coc^panies. 

Often tir.e.. the subject can be Improved by Judicious- 
ly painting it to provide contract to its surroundings. In 

'Tilgh Speed Photography . Journal of the hociotj, 
of Motion Picture Hn..lneers , 53' F.ove.*ber, Tj^J. 
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the CAse of color photography, the bacy:<;round should be 
conplCTientary . Air currents can be ir.acic visible by the 
addltloj. of B:iOke; vrater currents by Intercperolnj?; small, 
buoyant, colored objects or dyes, 

Soaetimes it is apparently iapoielble to attain suen 
Isolation of the sabjoct, a situation taxing the retource- 
fulnes# of the photographer. Thlf problen in particular !•*- 
quires pro-study to dctemlne the «ont desirable coiidiclona 
for photography. An exas^le of reoourcefuli.e.-.« wa» given by 
Jones and Eyles in a recent review of Lritisn ,ethodft of 
photography,^^ 

In connection i«ith the photography of the rolling of 
red-hot steel bars, in order to ehoi» the surface texture as 
the bars emerged froa the rollers, it v,as found that cnia 
could not be observed In hlgh-cpeed films taken in a stroi^jht- 
fot%.'ard manner, becauco the intrinsic brigntnecs of the red- 
hot surface of the bar prevented any ronderini of texture by 
external lighting. It was realised, however, that hot metal 
does not enlt any appreciable quantity of ultra-violet radi- 
ation and thus the bars were cucceisfally photographed by 
means of ultraviolet light iryp using a "ratten Filter I^o. iJt’i 

Q. A. Jones and L. D. .t,yleii, I.'ecertc BritlL,h 
tquip*sent and technique for High-lpeed Cir.o’^eto'raphy , 

Joux*nal of the bociety of y.ot ion Picture engineers , 'jS^SISj 
.N ovember, ly-rii. * . - 
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over the cfenerK lens to cut out all visible li^ht. Ordlru^iv 
hi^h-opsed panchroiKatic fllai Is sufficiently sensitive in 
the re* ion just belov the visible to enable a *:ood record to 
be made, and also the ordinary ^latc IcnLes are rufficicntly 
transparent to the necx* ultraviolet. By usin^ this MJttiod 
ipecial materlalt end the ubc of quarts lenses were avoided. 

Flla traate . Closely coupled with the previout 
rroblcw of aynchronlration It the loub of fllw durln^^ th6 
acceleration of the ca-aera. Aloott eijshty per ce.\t of a 
one hundred foot roll of film Is expended while brir »4 Irj, the 
cai)ora up to full speed, fotae of this v;arte has beev 
nated by the dovelopaent of the cooae , but the lnhere».t 
problem otill remains. Larger rpools of fIL*. are Icpractl- 
cBl because of the hi^h rotatioral speed of the ^pool itself. 
Also addi.i£ to the expenditure of film, it the fact tfut 
once started the cariera must never be jitoppcd until all the 
film has passed through tne camera, btoppinc, it before this 
«*ill result in serious damace to both eax^era and film. Thus 
In fcost Instances a majjazine of larger capacity 1 b not re- 
quired . 

for completely indoor photography with artificial 
lllu^.lnation, the California Institute of iechrolocy has 
devised an ineenlous syete^i to utilize coupletel^ the one 
hundred feet lii a sta\'dard roll of file. 



It, COMilStI of »♦' 



endless film arrangenien^,, the opposite ends of tlie roll 
belns ttJliccd toiGther in a loop. At the proper speed t>i# 
lighting sjoteji is turned on to provide exposure; previous 
to this the room ic coPToletely dark. The or.ly dra*faacKJ ^re 
the additional oyrjchronisation required to extinguish the 
lights before double exposures occur on a portion of the 112/^ 
and the possibility that an extre.iiely Important »ction TO.y 
0 C‘ur at the precise instant that the splice is passing tne 
aperture thua ruining the most important exposure. 

toCK: of ultra-high-speed f l l 'i ct>ulsioni . Today 
film eaulsiovs are eminently satiBf{»ctory for yto&t normal 
motion plct'ure photography in the ^o-callea lo>» operatinr. 
ranges of fi'oo sixteen to one hundred and forty fras^e; per 
second. If a sufficiently fast film were developed, high- 
speed photography could conceivably become as coasnoi-place ac. 
the use of the box caraera. The photographic recolvli"^ po*er 
of an optical system is convent iorially expz'essed in lines 
per millimeter, this numerical value being arrived at by 
vlening a sot of parallel linos (in which the ’.ridth of the 
linos is equal to the vidth of the spaccf between thex) And 
counting the just-distinguishable lines. In addition to the 

tvarK Crandcll, Physicltkt, Calllornla Institute of 
Technology, Pacedena, California, personal interview;, Api’il, 
1951. 
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resolving po’'.er of the optical cynton, the rerolvit\^ po«cr 
of the film e~iulLiiori in recordlr;g the lines «ufct Also he 
conciUered. Ihc resolving; power of the Pastax ca.:«era is in 
the neighborhood of thirty lines per mlllltaeter, whereas tlA 
resolving power of a particular filn is usually riuch hlcr^^r, 
ranging from forty to one hundred and twenty llnea per 
■ail Use ter. i'roRi the forev.oln^; it eeenis reasonable to as- 
aume that present films are •.doquate, but from a user's 
standpoint, the resolving po!/<er ratings curi^ntly provided 
by film manufacturers are little more than a qualitative 
guide, ac. the specific test conditions under which a 
published value is obtained ere rarely, if ever, explicitly 
stated in published technical data. The dsta furnished by 
the eanufacturei' are a theoretical naxlmu-i. attained order 
conditions optlwum for the enulslon. In high-speed rvotion 
picture photography, the photogi*aphlc resolving po*«er is 
reduced by low contract in thw final photograph, vjhich is 
accentuated by underexposure, and further degraded by im- 
perfect co.ipensation for film moveiAent and by mover^nt of 
the subject itself during exposure. 

Serious illumination problems would not exist were 
the films available today of tufflclent speed, eoualed with 
reasonably fine gnain a»»>i *ood rcsolvlr«g power. 

The eoulsion speed can be increased scr.ev'hat by the 
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proceca of latcnElflcatlon. 



I he process ii iimply th«L of exposing a previously 
expoted nccative to a weak eoui’co of liclit fox’ icvcral 
wlnutes. The intensity of the pont-fo£;ging light is ad- 
JU£,teJ ^o that a tli'^ht amount of fo^ la producer the 
unexposed areat. The original exposure affects silver 
grains in the eaiulsion th?t do not develop under fjormil 
conditions. Ihcce sub-threshold grxins, however, xre 
liiffected aore strongly by the or.ergy froa the post- 
fogging light than those which were previously unexpose- 
Sy the tlae that the latter are exposed to a developable 
level, those which had some pr*evlou» exposure respond as 
though three to four fold .jore expoouroc. ii&J boe». 

given them originally. 

The equipment for laton?iflocit ion can tuVee a variety 
of forms, but can be visualised ac a dry box arx’c.n.ic.ier t 
wherein a negative can be exposed to a weak source of 
lltht for a number of minutes at it. passe' through on 
its way to the developing eiachlne.^^ 

In practice In high->peed photography poBt-expooui*e 
can Increase the emulsion speed by one f-*-top or t-.'o tlr.e&. 
c-orac increase in gralniness is apparent but Is not objection 
able since in ultra-high-speed photogx'aphy, the elimination 
of grain with precent-day films is almost an iupocslbllity . 



Projection and analysis proble^.s . hai-:ing a hli.h- 
speed photographic ctudy is only one part of the problem. 
The finished film must be interpreted by the uaer, usually 
by projection, ar*d frequently by study cf frdme by fra'se en 
largcscnta or by frai« by frnsc examination of the filn’ 



Jxcxrson J. nose, American Cii er.ia tOt': x‘ap.ioi^ rian ub ook 
and ^inference Cuide (Lot- AncCles: r oat'.iland Vres**. 
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ItBClf. To an engineer trained in motion anali?»le , a »lo«-oa- 
do’^n film Is easily diLtincuiGhable fror a nomal film of 
the ta?;io machine runnirig; slowly. The layman, on the other 
hand, has little conception of such subtle differet.cos, as 
vibration effect, etc., and it is necessary to provide a 
frame of reference. This can usually be accomplished by a 
careful analogy, usually taken from nature, yor exaaple. If 
studying a power press ^rhlch operates with a frequency of 
seventy strokes per second, the reference object could txj a 
hu«»ln4 bird whose wings beat seventy tl«»e8 a second. 

For complete conprehenclon, several hundred feet oi‘ 

film showlnc the nor^ial operation of the subject ard the 

20 

analog Is useful. 

Any good make of projector le adequate for ecr-eenin^ 
the film but it should be capable of foivard and reverse 
motion ar.d still-picture px*ojectlon. A footag© counter is 
also very useful. 

i*or f raise by frame analysis an editing viewer can be 
used to advantage. Perhaps the iuoet useful equlpoicnt for 
such quantitative analytis is the film reader of the type 
put out by the Aecoi'dak Company. These readers, originally 



Henry rt. Letter, ”High-bpeecl ar.d Time Ixipee Pho- 
tography in Industry and research,*' Journal of th_e fioci ety 
of y.ot ion Picture Kngincero , 52;76-?T> Karch, 
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dealftned for reading nlcrofllra, attain a roagnification of 

from twenty-four to "thirty-five dlatwjters and can be uoed 

either for frame by frame analysis or three other aotor 

driven rates of film advance. Either way the viewing plate 

is conftantly held in critical focur and the machine is 

designed for tnaxlssum ease of operation, ideal plncencnt of 

PI 

the screen, flexibility, and convenience of use. 

.*igcellnneou3 c onsideration a . Ihe ■•Jor problert of 
hlgh-opce»i notion plctui'e photography lisve boer« dis*cui.sod. 
Coupled ir-lth these ax’e minor proble«s that are nei'ely a 
natter of faaaillarity with the tools of photography which, 
when not conoldered, probably tfill lead to unsat iafactory 
results. 

The lens compensation necessary for rotating prism 
camerae has already been nentloncd. It is iaportant to 
rer^-nber that lenses designed for ordinary motion picture 
cameras cannot be used with the rotatliig prism type aue to 
the nomal short rear focus, ihls problem can be elirair.ated 
for high-speed cameras by buildlnt* an extension tube on the 
front of the regular lev\t focusing it on the iaaj^e of a 
wide angle lens aounted at the front of tho tube. Ihls if, 

»fade l>. Mvlson, ’’Kethodo of Analyzliv* Hlgh-opeed 
Fhotographs, *' Journal of the Society of hot ion P ictux’c 
Engincerit , 52:5c, f^rch, Ty49 , 
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in effect, t€i!iln^5 a picture of a picture, 

Hich-coee5 caraerao r.uDt always be focutied through the 
lens. The Pastax cameras manufactured by the l^estern Llectiic 
Coiapany Here found to be out of focun at infinity bocauce 
the lenses were adjusted by a mxn whose eyes were optically 
different from uoriaal eyeb.^^ 

If the Imaiie is blurred or fussy it is not alnayi* the 
recult of failure to stop the subject's motion durint oho- 
tographlng. If It Is due to Inherent canera de^l^n or to 
atmospheric conditions, no increase in camera taking speed 
will eliminate the trouble. By coi.vertina the subject’s 
speed into feet per second, then finding the distaricc It 
travels (in feet) per exposure, and dividing thle by the 
distance the camera is located from the action, and convert- 
ing the result to mllllnetcrB it can be determined ho-» far 
the Image will move on the emulsion during exposure. If 
this falls within the resolving power of the film, blur can 
noresally be expected to be absent. If blurring should occur, 
however, it can bo assuiTied that it is not the result of in- 
sufficient ca'^«ra speed. For exanple, if an object is 

Herring, Lt., U.S.h., Photographic Offiesr, 

Naval Guided Kitslles lest Center, Poin^ ^tagu, California, 
personal Interviey, l£ay, 19^1. 

tax Letter (Rochester, heu York: 

wollensak Optical CoJtpanyT^^inuary , 19bl)* P« 1* 
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movlrsi; lOO*:* feot per second at a diatance of lOJO feet fro:^ 
the ca.iera, uhich is oporatlnc at 1000 fraiici' per second or 
having an expocure of of ■ second, the subject 

move during exposure — — yj - x 122!^ or 1/5 of a foot. The 
io»fte on the focal plane ivill ~ a ■ (diatar.ce a».ay) 

or — - foot, or .06 allliaftert, vhlch falla »lthln tne 

^000 

recolvlr^ po’^er of the film (normally thirty lines/on In 
practice). This 1b an approxirnatlon '•hlch fortat a ^ulde of 
what to expect before actually taking the picturoB. 

Vlbi'atlon of the ca*’ era during operation can cause a 
very dlaturblnj result on the final picture, nhcn projected 
the is&age appears to float upon the eersen with a peculiar 
ghostlike ’aoveaent. Tho solution of such a trobles ie 
obvious— naake certain that the canora Is securely M)untet*. 

In the rare caceB where the ca.r.era 1b hand-held the ad- 
vartacce of rapid field coveraj^e must outwelith the diuad- 
varta£?e of the floating image. 

T'ne problesio encountered In high-speed motion picture 
photo«rraphy I'lave been presented with the realisation th.at 
each individual set-up will undoubtedly present itb own 
peculiar difficulty. However, these factors must be con- 
sidered in every photOors.phic task. 
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In general there are t^o nethods of stopping the 
r*K)tion of the Image with respect to the film in high-speed 
photography. The first of these methods, the use of a com- 
pensating prism, has been described. Xhe tccond method i^ 
the use of stroboscopic light to lllu«*inate the r.ubject, the 
flashes of light being of such short duration that the filn 
does not move appreciably during the expotiure. A third 
method has recently been developed to linl: the flashing la^ 
with the rotating prism type camera. In this cose the i:i- 
candeacent lan^ is replaced by a flashing lac:.p and incorpo- 
rated In tho high-speed canera is a triggering device which 
allows the lar^ to be fired when the picture frame is on a 
line with the optical axle of tho complete system. 

The advantages of this system are nu?ierou». The 
catnera can then be used for an even greater variety of 
work — outdoors using It as Is, and for Indoor work requiring 
short exposure time using the same camera. Kosult* have 
Indicated that tmich better definition is obtained in the 
rotating prls'i earners when used In conjunction «lth strobe 
lighting, which is of particular advantage where frane by 
frame inspection of the film i£ to be made for purposes of 
analysis by meaaurenent. Motion is stopped absolutely and 
little blur reeiults. A further advantage is gained in thowe 



52 

cases where the subject Is liable to by heat because 

of the relative coolnets of ctroboccopic light. ^ 

Heretofore, in all hifili-opeod photography, inctan- 
tancous tine covered one coraplete frane, the continuity of 
instantaneous frasass forming the time axis. A new method of 
obtaining high-speed pictures has been developed '.«hereby 
instantaneous time covers multiple email portions of a 
single frame, t'ne total area of these email portions being 
sufficient to provide detail and the single frame beln^; 
large enough to permit unmagnifled obeervatlon. Such a 
method is called grid-framing. 

The framing grid is a focal plane shutter v/lth a 
series of parallel slits placed at regular Intervals across 
it. This shutter, therefore, is only required to move the 
distance between two sucecscivo slits to expose the entire 
film. To understand how this grid records successive frames, 
consider a ocrlos of optically clear slits .0005 inches 
wide, cut at .015 inch intervala across a 4x4 inch optically 
opaque plate. If this grid is held in a fixed position on a 
4x5 inch photographic plate, a single exposure niadc through 
it will consist of a set of parallel lines which occupy only 



* Kenneth J. Germeshausen, ’’ivow High-Speed Strobo- 
scope for High-Speed Motion Pictures," Jou rnal of the 
Society of Motion Picture jSny.lneerc. , 52 ; 24-"3^ , »*arcn, 194!!. 



l/30th of the total picture aren with an over-all cil 
of 4x4 inches. By iiovin^ the crid across the flla p<drpen- 
dicularly to the slits for a distance of .0005 Inches «»ui 
exposing a second still picture in this new position, a 
second series of lines lyln<r alongside of the fii’st set ar.d 
again occupying only l/30th of the total picture area v,lll 
be produced. Thirty such single pictures will reeult from 
only .015 Inches movement of the grla r.nd will expose the 
entire film area. To the casual observer the retultinc 
picture will be an indistinguishable Jtuuble. lio’ACver, 
proper positioning of the grid, anyone of the thirty ex- 
posures can be studied separately. This type of crld 
framing has been used for years In anltxxatod greeting cardr, 
and photographic advert icca«jnts. 

If the photographic object is moving, and if the grid 
is moved at a unlfor.ti rate across the film for a dlstarice of 
.015 inchet, the resulting picture can be viewed through a 
grid as thirty separate exposurci, one at a tine, or by 
viewing through the grid moving at any uniform speed, 
fllckerless motion plctui^s will be observed. 

At the Aberdeen Proving Ground I<aboratory, they have 
successfully combined a stationary framing grid with a 
rotating mirror to obtain framing rates in excess of 
100,OCrO,000 frames per second. 
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Yho rotatin g mlrror^^^rld c onblnatlon . The opticuuo 
olit vldth Tor the nulti-t-llt focal plane shutter appo .ro to 
be of the order of .0001 inches. A nhuttcr with .J-O'Jl inch 
Blits is required to Kove 10,000 inchcs/second to produce 
100,000,000 fraaes per second. It in iripractical to accele- 
rate to, maintain, and decelerate fma ouch high velocltiei 
with a lineax’ly moving shutter. A rotating focal plane 
shutter on the other har.J hat the double disadvantage of re- 
quiring tapered /radial slits and the combination of a lar^^c 
diameter and high rotational velocity. A method for aovin«, 
the image of the shutter acrocs the film plane by reflection 
from a rotatir.g mirror was obviously a eimple solution. 
(Figure 5») 

A first lens is used to Image the event on the grid. 
The cosJblned event-grid is then focused on a second lens, 
whose image, after reflection from the rotating mirror falla 
on the film plane as shown. The photograph foi’med by the 
reflected grid differs fro.n that formed through a grid -lovlng 
across the film plane in that the latter records a varyiiig 
time, varying space image while the former, by virtue of the 
subject's flAed position with respect to the grid, records a 
fixed space, varying tlcie record which is particularly suited 
to the stuale^ of detonation and shock waves. 

Of coarse the continuous notion of the image acivcos 
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OPTICAL SYSTEM GRID-ROTATING MIRROR CAMERA 



tlie fllEi doec not fora a well-d«fined fraae line in otucr 
hlgh-cpeed motion picture camerao. i>iiice the exposure tl-io 
of an increment of film Is equal to the time it taket & slit 
to move Its own width the x*eclprocal of this time li ta'^ei. 
ao the framing rate. The mirror rotation rate can be v^.-rleu 
up to five hundred revolutions per second. At full speed 
with a .0001 inch slit the fi’amlng rate lo 1.23 ^ 10 or 

1.250.000. 000 frames per second. The total expot uro tioe ic 
extrencly short. *«ith thirty frames taken at 100,000,OCrO 
per cecorid the total exposure time before the film is ex- 

-1 , p 

lT^.ustcd is 3 3C 10 or 3/10, 000, OOOtho of a cecond. 

Compared to the Faotax camera’s total oxpo&UJ^3 ti*«c 
of 8/10 of a second at maximum speed, this is an cxtre/<e 
disadvantage and it can be used to photograph only very 
short actions which must be timed electronically and 
perfectly. If the Gultanoff rotatlng-mlrror grid camera 
were capable of recording a full second of action at 

100.000. 000 fratT^s per £ocor»l, and if the fllai were normally 
projected at 16 frames per second, it would require over 
seventy-two days of constant projection to view the film. 

It has been mentioned that a conventional 



^ le. Cultanoff, A 100,000,000 Fran^ Per Second 
Camera," Keview of Scientific Inetraments, 21;653~C5^» July, 

1950. 
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Intemittent type r^.otlon picture camerc. cannot operate 
without darra.ge in excess of 250 frames per second. The 
rotating prism cameras theoretically can operate at rate? of 
from about 400 frames per second upv;ard to seven thousand. 

In 35^1® work the rotating prism type's minimum operating 
speed 16 500 frames per second; but from a resolution st^rd- 
polnt It is Impractical to operate It at below 1000 fraines 
per second. The raost commonly used intermittent type 

camera Is the Mitchell which operates at a practical plctur'c 
taking frequency of 140 frames per second . There has long 
been a ipreat need for a camera to bridge the gap between 
these two types of caraoras . 

The Wollencak Optical Company la now working on an 
answer to the problem. They are deaignlrig, and hope soon to 
have available, a new super-Fastax casiera which will have an 
operating speed with a minimun of about 100 frasnes por 
second and a laaxlaum of approximately 2500 frames per second. 
In addition. It Is being designed to eliminate other faults 
found In the previous Factax; the frame size will be the 
standard full-size 35^^» not half height as previously; the 
resolution Is estimated to be approx itaa tel y eighty lines per 
mllllJBoter through Improved eprocKot design; the capacity of 
the camera will be 400 feet allowing a gi'eatly increased 
taaxlaun running tlmo. In addition, its construction will be 
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8uch S3 to withotand accelerations of lOu to 

150 6 , allowing it to fee used on devices which pro/iou»ly 
could not cari’y cameras without danger of ruining them 
because of excessive acceleration forces. 

This will, without a doubt, be the aost Important 
single recent development for the average motion picture 
photographer engaged in high-speed woric. 



■3 

John H. Vaddeil, Wollensak Optical Co..»pc.ny, per»;on- 
al letter, dated Juno 13> 1951 • 
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C.IAPrEK VI 



SUM>3AKy AliD CO!XLUGIO«S 
I. SIWMARY 

With ax.y type of hlsh-speed cai*era It it etssentlul to 
prc-ueter4^ne the varlouo factorik thet affect the final 
picture quality, and to adjust these, factors that optlr.uA 
reeulte will be attained. Frcxf the Inception ol .T.otloo 
picture* as a research tool, end perhaps far into tne future, 
each e?.pOfture pre<-ents its own problem. .Research ervuineere 
and manufacturer.- are laboring constantly to conti'ol tnese 
factors until at t;ie present tlino photography Is taking its 
place along «lth the eiicroccope, the cathode-ray tube, av.U 
various other instr^unents an an instruiaent for r^corclinq arjcl 
measurlB*/ transient phono* jer.a. 

II. COIJCLUSIOI^S 

The applications of high-speed photography are alaoct 
unli*ltcd. It can save tl»e on breiik-down teetir-e b:, point- 
ing out trouble spots in advance, and by providing a checic 
on uncertain approxirnetioi. from theory. 

Canoras, lights, and lenses have kept pace with the 
advance of hlgh-sr<eed photographic technique, but there I* 
still roor.j for advances. 

K need exists for an ulti*a-high-Si.eed filr. eiwulslon 
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to simplify the expooure problew. Sinllarli, there io a 
need for staridard laboratory developuscnt procec-ijeG for 
speed work. Much of today’s high-speed photography it baicd 
on experiences in the past on similar projects. The ad- 
vantage of experience la lost when the film Is Ipiproperly 
processed under non-controllod standard conditions. 

Progress has been made in this field by the <iollcnaak Opti- 
cal Company, In cooperation with Ansco and Eastman Koda;f. 
Film prepared by Ansco is sold through Wollcncak for users 
of Pastax cameras. The film cost includes the price of 
development in a c»nnor similar to the method by which color 
motion picture film is sold to amateurs. Frequently, how- 
ever, the delay expended in relaying the film back to the 
manufacturer cannot be tolerated. A standax’d field devclop- 
laent procedure should be diooeolnated to all hl»i;h-spcod 
ca/nera users. 

There is a need also for a High-Speed Photographers' 
Handbook, similar to the Cine;natographoi*s ’ Handbook and 
Reference Guido , ^ listing high-speed equipment and providir;g 
a guide of standard practlce^ and procedures for the workiiig 
phototrapher. 



^ Jackson J. Hose, American C Ino. ^ tographer Ha wdboo!: 
and R eference Guide (Los Ar^gelcs: Southland Prest , liOOff 

pp. 
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High-ftpeeJ »otion picture photography ha& been 
deecrlbed &t a ueans of rna,2nifyln{X tine, glvlntj; nan ai* 
insight into the InfiniteEimally short Intervals of otemity, 
much as the microscope hat permitted the amignlfying of site. 
And Just as there has been improvement In the micro s>cope 
leading to the precent day electron microacope, v»ith 
promises of even greater improvement, so mutt the s»cicfice 
and technique® of high-opeed photography be improved and 
advanced . 
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